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Summary

Virginia opossum, Didelphis virginiana, is a synanthropic mammal associated with peridomestic are-
as of Yucatan, However, little is known about the gastrointestinal parasite infections of this species.
The infection prevalence, mean abundance and mean intensity of eggs and oocysts of gastrointes-
tinal parasites, in opossums captured in the peridomestic areas were estimated in six rural localities
of Yucatan, Mexico. Eighty-four faecal samples were processed by flotation technique. McMaster
test was used to estimate the number of helminth eggs and protozoa oocysts per gram of feces.
Seven genera of gastrointestinal parasites were identified, and then infection prevalence was esti-
mated as follows: Protozoa Eimeria sp. (51.9 %) and Sarcocystis sp. (1 %); nematodes Ancylostoma
sp. (80.56 %), Cruzia sp. (62.04 %), Trichuris sp. (60.19 %), Capillaria sp. (29.63 %), Turgida sp.
(23.15 %), Toxocara sp. (11.11 %), and Ascaris sp. (1.85 %); and one acanthocephalan: Oligacan-
thorhynchus sp. (14.81 %). This is the first study on the diversity of gastrointestinal parasites in
Virginia opossums, and first evidence about the potential role of opossums in the transmission of
zoonotic gastrointestinal parasites in peridomestic areas of Yucatan, Mexico.
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Introduction

Few studies have been carried out in Mexico on the occurrence
of gastrointestinal parasites (GIP) in D. virginiana. Cafieda (1997)

Virginia opossum, Didelphis virginiana, is widely distributed across
North and Central America and it can be found across a broad
range of habitats up from Nearctic in southern Canada to the Ne-
otropics in Costa Rica with the exception of arid zones in Mexico
and the United States (Gardner, 2005). Opossums are synanthrop-
ic species, able to occupy habitats with high levels of disturbance,
and, for this reason they are frequently found in agricultural, urban,
and rural areas (Ruiz-Pifa & Cruz-Reyes, 2002; Krause & Krause,
2006; Ruiz-Pifia, 2010). This characteristic is relevant due to the
diversity of parasites and pathogens being capable to infect this
species, and suggest a reservoir role for many of them (Acha &
Szyfres, 1988).

* — corresponding author

recorded 17 parasite species from 10 opossums collected in Ver-
acruz State where the most commonly found species were Cruzia
tentaculata, Turgida turgida, Trichuris didelphis, and Oligacantho-
rhynchus tortuosa. Monet et al. (2005) found 19 helminth taxa (5
digeneans, 1 cestode, 2 acanthocephalans, and 11 nematodes)
in D. virginiana captured in 10 Mexican states, in which T. turgida,
and C. tentaculata were the most abundant parasites. The most
recent study in Mexico, carried out by Acosta-Virgen et al. (2015),
identified adult parasites in 40 sacrificed opossums from 12 Mexi-
can states. They recorded 21 helminth taxa (6 trematodes, 2 ces-
todes, 3 acanthocephalans and 10 nematodes), which increased
the diversity of intestinal parasite species for D. virginiana up to 41.
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Studies on intestinal parasites of D. virginiana from southeastern
Mexico are scarce (Cafieda, 1997; Monet et al., 2005; Acosta-Vir-
gen et al., 2015).

In order to improve the understanding of gastrointestinal parasites
infecting of this marsupial species the objective of this study was
to evaluate the frequency of GIP infections, as well as assess the
mean abundance and mean intensity of eggs and oocysts of GIP
identified in feces of synanthropic specimens of D. virginiana cap-
tured in peridomestic areas of rural dwellings of six localities of
northern Yucatan, Mexico.

Material and Methods

Study area

The present study was carried out in six localities: Cacalchén
(N20°58'56" W89°13'40"), Homun (N20°44'19" W89°17'06"),
Komchén (N21°06'13" W89°39'45"), Motul (N21°05'42"
W89°16'59"), Tetiz (N20°57'44" W89°56'02") and Kopoma
(N20°38'52" W89°53'55") located in northern Yucatan, Mexico.
The altitude ranged between 3 and 20 meters above the sea level.
The geology of the region is calcareous (karst) with strong superfi-
cial and internal water dissolution. The climate is warm sub-humid,
with rains in summer. The native vegetation of the zone is a tran-
sition of medium and low tropical deciduous forest, but currently
most of the area is covered by secondary vegetation (Flores &
Espejel, 1994; Orellana et al., 2010). Rural localities ranged be-
tween 2000 - 6500 inhabitants. Except for Motul which has 23000
inhabitants, but preserves its rural housing characteristics.

Capture of opossums
The capture of opossums was carried out on monthly basis be-
tween July 2015 and January 2016. In each locality, 100 house-

holds per month were selected, with authorization of landowners
or residents, and the opossums were captured with livetraps (66 x
23 x 23 c¢m, Tomahawk Live Trap Co.) baited with pineapple and
placed in the peridomestic area at each house at dusk. Animals
were collected on the following morning. Overall this represented
a total of 600 trap/nights of capture effort.

We recorded the sex, age and weight of captured individuals and
collected a stool sample. D. virginiana were captured and handled
under conditions that minimized the stress and employed animal
welfare procedures (NOM-062-1999; Sikes, 2016).

Fecal samples

Opossums are mammals that are characterized for their thanato-
sis behavior, generally described by defecation or urination during
handling (Krause & Krause, 2006). Fecal sampling was performed
as described by Rodriguez and Cob (2005). Approximately two to
three grams of feces were obtained from each individual. Fecal
specimens were placed in ziploc bags (12.5 x 8 cm) and/or sterile
bottles and then stored in a cooler on ice during transportation to
the laboratory. They were kept in refrigeration at 4 °C until their
coprological analysis performed within 24 h.

Coproparasitological analysis

The coproparasitological examination consisted of macro and mi-
croscopic observations of feces to detect the GIP. A qualitative di-
agnosis was carried out by the flotation enrichment technique with
saturated glucose solution (SSG) described by Rodriguez and Cob
(2005). A quantitative diagnosis was made by applying of the mod-
ified McMaster technique of Rodriguez and Cob (2005), i.e. adding
1 g of feces and 14 ml of SSG. Fecal samples positive for coccidia
for sporulation and identification were incubated for 10 days at 24
°C with 2.5 % potassium dichromate (Duszynski & Wilber, 1997).

Table 1. Infection parameters recorded in 84 fecal samples of Didelphis virginiana from six rural localities in northern Yucatéan, Mexico.

Parasite Infected animals Mean abundance of eggs Mean intensity
(Prevalence, C.I. 95 %) per gram (C.l. 95 %) (C.1.95%)
Protozoa
Eimeria sp.* 38 (45.2 %, 34.3 — 56.5) 18800 (5530 - 66600) 41600 (12700 - 151000)
Nematoda
Trichuris sp. 49 (58.3 %, 47.1 - 69) 180 (115 - 322) 309 (206 - 531)
Capillaria sp. 24 (28.6 %, 19.2 - 39.5) 38(22-73.8) 133 (87.5-227)
Ancylostoma sp. 71 (84.5 %, 75-91.5) 563 (43 - 736) 666 (511 - 858)
Cruzia sp. 52 (61.9 %, 50.7 — 72.3) 207 (149 - 291) 334 (255 - 459)
Ascaris sp. 2(2.4%,0.3-8.3) 5.36 (0-20.8) 225 (100 — 225)
Toxocara sp. 5(6.0%,2.0-13.3) 19.6 (5.36 - 48) 330 (160-510)
Turgida sp. 12 (14.3 %, 7.6 — 23.6) 22 (10.7 - 40.5) 154 (100 - 212)
Acantocephala
Oligacanthorhvnchus sp. 14 (16.7 %, 9.4- - 26.4) 237 (62.5-727) 1420 (397 - 3750)

C.I. = confidence intervals. “Mean abundance is in oocysts per gram
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Fig. 1. Helminth eggs found in Didelphis virginiana from six rural localities in northern Yucatan, Mexico. A — Sporulated oocysts of Eimeria sp. (100x);
B - oocyst of Sarcocystis s p. (100x); C — egg of Ancylostoma sp. (40x); D — egg of Trichuris sp. (40x); E — egg of Capillaria sp. (40x); F - egg of Cruzia sp. (40x);
G - egg of Ascaris sp. (40x); H — egg of Toxocara sp. (40x); | — egg of Turgida sp. (40x); J — egg of Oligacanthorhynchus sp. (40x).
The thick black line represents the scale used for each image.

Taxonomic determination

The morphological study of the eggs and oocysts of GIP was per-
formed with light microscopy at 40x and 100x magnification (Zeiss
[Axiostar]). Measurements were taken with the aid of a calibrated
micrometer eyepiece. All measurements and scales of the imag-
es were measured in microns. The taxonomic determination was
based on Garcia (2009), Zajac & Conboy (2012), and Bowman
(2014). The identification of protozoan genera was based on the
morphology of oocysts, their size, and the number of sporocysts
(according to Rodriguez & Cob, 2005; Duszynski, 2016). The
identification of the acanthocephalans was based on Petrochenko
(1956).

Data analysis

For statistical analysis, the parameters prevalence (proportion of
infected host with the traditional Clopper-Pearson Cl), mean abun-
dance (Bootstrap BCa), and mean intensity (Bootstrap BCa) were
used. All summary statistics had 95 % confidence intervals, as pro-
posed by Bush et al. (1997) and Rdzsa et al. (2000), and were es-
timated with Quantitative Parasitology 3.0 (Reiczigel et al., 2013).

Ethical Approval and/or Informed Consent
This work does not involve human or experimentation with animals.
Results

A total of 84 D. virginiana were studied for counting the eggs/
oocysts of GIP. The diversity of GIP found in D. virginiana was

composed of two protozoa of the order Eucoccidiida, seven nem-
atodes, and one acanthocephalan of the family Oligacanthorhy-
nchidae (Table 1). The GIP eggs/oocysts were observed in 100 %
of fecal samples (84/84). The oocysts of the protozoa Eimeria
sp. (42.5 %) and Sarcocystis sp. (1.19 %) were found in 58.33 %
(49/84) samples (Fig. 1A-B). Eggs belonging to seven genera
of nematodes were found: Ancylostoma sp. (84.5 %, 71/84, Fig.
1C), Trichuris sp. (58.3 %, 49/84, Fig. 1D), Capillaria sp. (28.6 %,
24/84, Fig. 1E), Cruzia sp. (61.9 %, 52/84, Fig. 1F), Ascaris sp.
(2.4 %, 2/84, Fig. 1G), Toxocara sp. (6 %, 5/84, Fig. 1H), Turgida
sp. (14.3 %, 12/84, Fig. 11). Finally, the eggs of the acanthoce-
phalan Oligacanthorhynchus sp. (Fig. 1J) were found in 16.70 %
(14/84) of positive samples.

Monthly variation in parasite prevalence showed the highest val-
ues for November and December, two months after the highest
amount of rain registered in the region (Fig. 2).

The co-parasitism was recorded in the 91.6 % of the studied opos-
sums (77/84). Table 2 shows the monthly variation in the preva-
lence of co-parasitism. Only 8.3 % (7/84) of the studied opossums
were infected with a single parasite. However, a co-parasitism of
2T parasites were recorded (Table 2). The frequency of co-para-
sitism found in the studied opossums is presented in Table 3.

Discussion
The protozoan Eimeria sp. and the nematodes Ancylostoma sp.,
Ascaris sp. and Toxocara sp. represent new records for D. virgin-

iana in Mexico (Cafieda, 1997; Monet et al., 2005; Acosta-Virgen
etal., 2015).
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Table 2. Monthly prevalence of co-infection of gastrointestinal parasites in Didelphis virginiana studied in peridomiciles from six rural localities
in northern Yucatan, Mexico.

2015 2016
Co-infection July September October November December January
prevalence
(n=77)
2 parasites 214 7.1 14.2 14.2 14.2 214
3 Parasites 21.7 43 131 34.7 13.1 13.1
4 Parasites 52 26.3 15.7 36.8 15.7 0
5 Parasites 0 20 10 20 50 0
6 Parasites 1.1 0 1.1 44.4 33.3 0
7 Parasites 0 0 25 25 50 0

Among the GIP found in this study, five nematodes with zoonotic
potential were recorded: Ancylostoma sp., Toxocara sp., Trichuris
sp., Ascaris sp., and Capillaria sp. The nematode Ancylostoma sp.
represents the first report for D. virginiana in Mexico. Rueda et al.
(2014) reported a frequency of 60 % (9/15) of Ancylostoma sp., in
the feces of D. marsupialis in Colombia, with a lesser frequency
that was found in the present study. In Brazil, Pinto et al. (2014)
found Toxocara catiin the feces of D. albiventris.

The presence of Ancylostoma sp., and Toxocara sp. in the feces
of D. virginiana could be due to the high abundance of these par-
asites found in other species of animals such as dogs and cats
living in the peridomestic areas of rural households in the studied
region (Rodriguez et al., 2001; Rodriguez et al., 2011; Ortega et

30 -
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Prevalence of parasitized opossums

al., 2015). However, to verify this hypothesis it is necessary to con-
duct specific studies on the cross-transmission of these parasites
between D. virginiana and domestic and wild animals.

The nematodes Trichuris sp., Cruzia sp. and Turgida sp. have
been previously reported in Yucatan, and are commonly recorded
in D. virginiana from other Mexican regions (Monet et al., 2005;
Acosta-Virgen et al., 2015).

Due to omnivorous nature of D. virginiana, the infection with Tur-
gida sp. and Oligacanthorhynchus sp. may have been caused due
to the ingestion of intermediary hosts. In the case of Turgida sp.,
cockroaches are known to act as intermediate hosts (Anderson,
2000). Also, the myriapods are recognized as intermediate hosts
for genus Oligacanthorhynchus (Richardson, 2006). These could
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Fig. 2. Mean monthly precipitation registered from six rural localities in northern Yucatan, Mexico and the prevalence of gastrointestinal parasites in Didelphis virginiana
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Table 3. Frequency of co-parasitism of gastrointestinal parasites for 77 opossum Didelphis virginiana from six rural localities in northern Yucatan, Mexico.

Nematoda Infected animals
(%)
Ancylostoma + Cruzia 8(10.39)
Ancylostoma + Trichuris 3(3.90)
Ancylostoma + Capillaria 1(1.30)
Ancylostoma + Turgida 1(1.30)
Capillaria + Turgida 1(1.30)
Ancylostoma + Cruzia + Trichuris 8(10.39)
Ancylostoma + Capillaria + Trichuris 2 (2.60)
Ancylostoma + Cruzia + Turgida 1(1.30)
Ancylostoma + Capillaria + Cruzia + Trichuris 2 (2.60)
Ancylostoma + Capillaria + Cruzia + Toxocara + Trichuris 1(1.30)
Protozoa + Nematoda
Eimeria + Ancylostoma 2 (2.60)
Eimeria + Trichuris 2 (2.60)
Eimeria + Ancylostoma + Trichuris 5(6.49)
Eimeria + Ancylostoma + Cruzia 3(3.90)
Eimeria + Trichuris + Turgida 1(1.30)
Eimeria + Ancylostoma + Cruzia + Trichuris 6 (7.79)
Eimeria + Capillaria + Cruzia + Ancylostoma 3(3.90)
Eimeria + Cruzia + Turgida + Ancylostoma 2 (2.60)
Eimeria + Ancylostoma + Capillaria + Cruzia + Trichuris 2 (2.60)
Eimeria + Ancylostoma + Capillaria + Cruzia + Turgida 2 (2.60)
Eimeria + Ancylostoma + Capillaria + Cruzia + Trichuris + Toxocara 1(1.30)
Eimeria + Ancylostoma + Capillaria + Cruzia + Trichuris + Turgida 2 (2.60)
Acantocephala +Nematoda + Protozoa
Oligacanthorhynchus + Trichuris 1(1.30)
Oligacanthorhynchus + Capillaria 1(1.30)
Oligacanthorhynchus + Cruzia 1(1.30)
Oligacanthorhynchus + Cruzia + Ancylostoma 2 (2.60)
Oligacanthorhynchus + Turgida + Ancylostoma 2 (2.60)
Oligacanthorhynchus + Trichuris + Ancylostoma + Eimeria 1(1.30)
Oligacanthorhynchus + Trichuris + Ancylostoma + Cruzia 3(3.90)
Oligacanthorhynchus + Capillaria + Cruzia + Trichuris 1(1.30)
Oligacanthorhynchus + Cruzia + Ancylostoma + Eimeria 1(1.30)
Oligacanthorhynchus + Ancylostoma + Cruzia + Eimeria + Trichuris 2 (2.60)
Oligacanthorhynchus + Ancylostoma + Cruzia + Eimeria + Trichuris + Toxocara 2(2.60)
Oligacanthorhynchus + Ancylostoma + Cruzia + Toxocara + Trichuris + Capillaria + Turgida 1(1.30)

be present in the studied localities, since there are at least 31 of
myriapods species distributed in Yucatan (Bueno et al., 2004), and
during the present study, some species were observed as frequent
inhabitants of the peridomestic areas. Future research must con-
sider also the collection and dissection of cockroaches and myri-
apods. thus confirm the presence of infectious stages of Turgida
sp. and Oligacanthorhynchus sp., and explain the way how they
contribute to the life cycle of GIP in D. virginiana from Yucatan.

The protozoan Eimeria sp. was one of the most frequent and
abundant GIP in D. virginiana. This protozoan had not been pre-
viously reported in D. virginiana in Mexico. However, in Yucatan it
was found having high frequency, detected in 45.2 % (38/84) of fe-
cal samples, and was present in the six sampled localities. These

results are discordant with those reported by Joseph (1974), who
reported a lower percentage of infection (13 %, 2/15) in D. virgin-
iana individuals infected with Eimeria indianensis in the state of
Indiana, USA.

The parasites diversity found in D. virginiana could be explained
as a result of the food source available in the peridomiciles. Due to
opossums omnivorous and foraging behaviors, miscellaneous GIP
eggs or larvae may be ingested or become exposed through the
consumption of intermediate hosts (Krause & Krause, 2006; Ruiz-
Pifa et al., 2013). Another studies have shown that D. virginiana,
consume feces of other animals (Gibson et al., 2003; Livingston et
al., 2005). This can be important for the transmission of other para-
sites with direct life cycles. This is extremely relevant in view of the
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fact that opossums that inhabit the peridomiciles in Yucatan, in-
teract with dogs, cats, pigs, cows, horses, among other mammals
like chickens and other fowl. Domestic animals are susceptible to
cross infection with GIP, what may also include many zoonotic dis-
eases (Ruiz-Pifia & Reyes-Novelo, 2012) like Ancylostoma.

In this context, opossums are frequent visitors and occupants of
the peridomiciles in Yucatan, as a result of food and shelter avail-
ability in this ecotope (Ruiz-Pifa et al., 2013). As a result they host
the pathogens that circulate between those animals (Ruiz-Pifa,
2010). This may represent a potential zoonotic risk to families that
inhabit those localities. Primarily, because the use of the peridom-
icile environment for different activities such as washing clothes,
keeping domestic animals, and also as a place for family reun-
ions and recreational activities for children (Pacheco-Castro et al.,
2013).

The higher prevalence of parasite eggs and co-parasitism in the
months of November and December could be explained by para-
site’s life cycle. Taylor et al. (2016) explain that temperature (18
- 26 °C) and humidity (80 — 100 % relative humidity) are the most
important factors involved in trichostrongyloids and strongyloids
larval survival in the environment. These conditions are typical in
Yucatan, during rainy season (June to October), (Orellana et al.,
2010), and this could also explain that the higher GIP prevalence
was recorded after the rainy season. Ruiz-Pifia and Cruz-Reyes
(2002) and Ruiz-Pifia (2007) documented that weaned off juvenile
opossums start roaming and looking for food in the peridomiciles
at the beginning of the rainy season. So if they get infected with
parasite larvae in that time of the year by November/December
these population have adult parasites in their digestive tract and
excrete eggs through fecal drops.

The present study is the first analysis on GIP diversity that inter-
acts with D. virginiana in northern Yucatan, and the presence of
this marsupial contributing to the dispersion of GIP with zoonotic
potential in the peridomestic zones. In future studies, it would be
necessary to apply molecular techniques for the taxonomic iden-
tification of GIP. Subsequently, the ecology of transmission and
the role of D. virginiana in the life cycles of these GIP should be
explored.

Conflict of Interest

Authors state no conflict of interest.

Acknowledgements

The authors thank all the people of the studied localities for all the
support for the capture of the opossums.

Financial support

This work was supported by the Consejo Nacional de Ciencia y
Tecnologia (CONACYT) (grant PN-2013-214506)

124

References

AcHa, P., Szvrres, B. (1988): Zoonosis y Enfermedades Trans-
misibles Comunes al Hombre y a los Animales [Zoonoses and
Common Transmissible Diseases in Man and Animals]. 2™ Edi-
tion. Publicacion cientifica No. 503. Washington, Organizacién
Panamericana de la Salud, 989 pp. (In Spanish)

AcosTA-VIRGEN, K., LopPez-CasALLERO, J, Garcia-PriETO, L., Ma-
TA-LoPEz, R. (2015): Helminths of three species of opossums
(Mammalia, Didelphidae) from Mexico. ZooKeys, 511: 131 — 152.
DOI: 10.3897/zookeys.511.9571

Anperson, R.C. (2000): Nematode Parasites of vertebrates,
their development and transmission. 2™ Edition, Wallingford,
UK, CABI Publishing, 650 pp.

Bowwman, D.D. (2014): Georgis’ Parasitology for Veterinarians. 10"
Edition. China, Elsevier Health Sciences. 499 pp.

Bueno, V.J, SierwaLp, P., Bonp, J.E. (2004): Diplopoda. In: LLor-
ENTE, B.J., MorroNE, J.J, YAREZ, O.0., Vareas, F.I. (Eds) Biodiversi-
dad, Taxonomia y Biogeografia de Artrépodos: hacia una sintesis
de su conocimiento [Biodiversity, Taxonomy, and Biogeography
of Arthropods: a Synthesis of its Current Knowledge]. Volume V.
México, DF, UNAM. pp. 569 - 599. Online: http://www.biodiversi-
dad.gob.mx/publicaciones/librosDig/pdf/Artropodos  %20IV_7.pdf
(In Spanish)

BusH, A.O., LarrerTY, K.D., Lotz, M. J., SHosTak, A.W. (1997): Par-
asitology meets ecology on its own terms: Margolis et al. revisited.
J. Parasitol., 83(4): 575 — 583. DOI: 10.2307/3284227

Carepa, G.I.C. (1997): Parésitos intestinales de tres especies de
marsupiales de la estacion “Los Tuxtlas” y algunas zonas cer-
canas, Veracruz, México [Intestinal parasites of three marsupial
species from “Los Tuxtlas” Biological Research Station and nearby
areas, Veracruz, Mexico]. Bachelor’s thesis, Universidad Nacional
Auténoma de México, México, D.F. (In Spanish)

Duszvnski, D. W. (2016): The Biology and Identification of the Coc-
cidia (Apicomplexa) of Marsupials of the World. London, UK, Aca-
demic Press. 241 pp.

Duszvnski, D.W., WiLger, P.G. (1997): A guideline for the prepara-
tion of species descriptions in the Eimeriidae. J. Parasitol., 83(2):
333 - 336. DOI: 10.2307/328470

FLores, G.J., Espese, C.I. (1994): Tipos de vegetacion de la
Peninsula de Yucatan [Vegetation Types of the Yucatan Peninsu-
la). Etnoflora Yucatanense, Fasciculo 3. Universidad Autdnoma de
Yucatan, Mérida, México. 135 pp. (In Spanish)

GARCIA, L.S. (2009): Practical guide to diagnostic parasitology. 2"
Edition. Washington, USA, ASM Press, 488 pp.

GARDNER, A.L. (2005). Order Didelphimorphia. In: WiLson, D.E.,
Reeoer, D.M. (Eds), Mammal Species of the World. A Taxonomic
and Geographic Reference (Vol. 2, pp. 3 — 18). Baltimore: The
Johns Hopkins University Press.

GipsoN, P., LiviNGsTON, T., ZUERCHER, G., Howarp, M. (2003). Re-
sponses of opossums and raccoons to bobcat and coyote feces.
West. N. Am. Nat., 63(4), 538 — 540



JoserH, T. (1974): Eimeria indianensis sp. n. and an Isospora sp.
from the opossum Didelphis virginiana (Kerr). J. Protozool., 21(1):
12 -15. DOI: 10.1111/j.1550-7408.1974.tb03609.x

Krause, W.J., Krause, W.A. (2006): The opossum: its amazing sto-
ry. Columbia, Missouri, USA, Department of Pathology and Ana-
tomical Sciences, School of Medicine, University of Missouri, 80 pp.
LivinesTon, T.R., Gipson, P.S., Baaro, W.B., Sancrez, D.M.,
Krausman, P.R. (2005): Scat removal: a source of bias
in feces-related studies. Wildl. Soc. Bull., 33: 172 - 178.
DOI:10.2193/0091-7648(2005)33[172:SRASOB]2.0.CO;2

MoneT, M.A., Osorio-SArABIA, D., GARrcia-PrIETO, L. (2005): Hel-
minths of the Virginia Opossum Didelphis virginiana (Mam-
malia: Didelphidae) in Mexico. J. Parasitol., 91(1): 213 — 219.
DOI:10.1645/GE-273R

NormA OFficiaL Mexicana NOM-062-Z00-1999. Especificaciones
técnicas para la produccién, cuidado y uso de animales de lab-
oratorio [Mexican Oficial Normativity NOM-062-Z00-1999. Tech-
nical specifications for the production, care, and use of laboratory
animals]. Diario Oficial de la Federacion, 22 de agosto del 2001,
México. (In Spanish)

ORELLANA, L. R., Espabas, M.C., Nava, M.F. (2010): Climas [Cli-
mate]. In: DurAN, R., Ménpez, M. Biodiversidad y Desarrollo Huma-
no en Yucatan [Biodiversity and Human Development in Yucatan).
Mérida: CICY, PPD-FMAM, CONABIO, SEDUMA. pp.10 — 11 (In
Spanish)

OrTEGA, PA., ToRRES, A. J., ALzina, L.A., GuTiErRrez, B.E., BoLio,
G.M., AcuiLAr, C.A., Ropricuez, V.R., GuTiErrez, R.E, AcosTa, V.K.,
Guzman, M.E., Rosapo, A.A., Jiménez, C.M. (2015): Parasitic zoon-
oses in humans and their dogs from a rural community of tropi-
cal Mexico. J. Trop. Med., 2015: 1 - 6. Article ID 481086. DOI:
10.1155/2015/481086

PacHeco-CasTro, J., Luco-PErez, J., Tzuc-Canchg, L.M. (2013).
Relacion de variables socioecondmicas y culturales con la preva-
lencia de enfermedades zoongticas y ETV’s en Molas [Socioeco-
nomic and cultural aspects and its relationship with zoonotic and
vector-borne diseases prevalence in Molas]. In: PacHeco-CAsTRO,
J., Luco-PERez, J.A., Tzuc-CANCHE, L., Ruiz-Pika, H.A. (Eds) Estudi-
os multidisciplinarios de las enfermedades zoonéticas y ETVs en
Yucatan [Multidisciplinary Studies on Zoonoses and Vector-Borne
diseases in Yucatan]. Universidad Autonoma de Yucatan, 285 pp.
(In Spanish)

PetrocHeENko, V.. (1956): Acanthocephala of domestic and wild
animals, vol. 1. Moscow: Isdatelstvo Akademii Nauk SSSR. (In
Russian: English Translation by Israel Program for Scientific
Translations Ltd., Jerusalem, Israel, 1971). 465 pp.

Pinto, H.A., Mai, V.L., MeLo, A.L. (2014): Toxocara cati (Nemato-
da: Ascaridae) in Didelphis alvibentris (Marsupialia: Didelphidae)
from Brazil: a case of pseudoparasitism. Rev. Bras. Parasitol. Vet.,
23(4): 522 - 525. DOI: 10.1590/S1984-29612014074

Ramirez, P.J., GonziLez, R.N., GARDNER, A.L., ARROYO, C.J. (2014):
List of recent land mammals of Mexico, 2014. Spec. Publ. Mus.
Tex. Tech Univ., 63, 1 - 69.

REicziGeL, J., Rozsa, L., ReicziceL, A., Faian, 1. (2013): Quantitative
Parasitology (QPweb). http://www2.univet.hu/gpweb/

RicHarbson, D.J. (2006): Life cycle of Oligacanthorhynchus tortu-
osa (Oligacanthorhynchidae), an Acantocephalan of the Virginia
opossum (Didelphis virginiana). Comp. Parasitol., 73(1): 1 - 6.
DOI: 10.1654/4207 .1

Robricuez, V.R., Cos, G.L., DomiNguez, A.J. (2001): Frecuencia de
parasitos gastrointestinales en animales domesticados diagnosti-
cados en Yucatan, México [Gastrointestinal parasite frequency in
diagnosed domestic animals from Yucatan]. Rev. Biomed., 12: 19
- 25. http:/lwww.cirbiomedicas.uady.mx/revbiomed/pdf/rb011214.
pdf (In Spanish)

Robricuez, V.R., Co, G.L. (2005): Técnicas diagnésticas en par-
asitologia veterinaria [Diagnostic Techniques in Veterinary Parasi-
tology]. 2™ Edition. Mérida, Yucatan, México, Universidad Auténo-
ma de Yucatan. 306 pp. (In Spanish)

Ropricuez, V.R., GuTirrez, R.E., BoLio, G.M., Ruiz, P.H., ORTEGA,
P.A., Reves, N.E., ManriQuE, S.P, Aranpa, C.F., Luco, P.J. (2011): An
epidemiology study of intestinal parasites of dogs from Yucatan,
Mexico, and their risk to public health. Vector Borne Zoonotic Dis.,
11(8): 1141 - 1144. DOI: 10.1089/vbz.2010.0232

Rozsa, L., Reiczicel, J., Majoros, G. (2000): Quantifying par-
asites in samples of hosts. J. Parasitol., 86(2): 228 — 232. DOI:
10.1645/0022-3395(2000)086[0228:QPISOH]2.0.CO;2

Ruepa, M.C., Ramirez, G.F., Osorio, J.H. (2014): Identificacion de
helmintos en Zarigiieyas (Didelphis marsupialis) en el Surocciden-
te colombiano [Helminth identifications in Opossums (Didelphis
marsupialis) from Colombian Southwestern]. Biosalud, 13(1): 37
—44 (In Spanish)

Ruiz-Pita, H.A. (2010): Importancia Biomédica de los Tlacuaches
[Biomedical Relevance of Opossums]. In: Duran, R., MEnpez, M.
Biodiversidad y desarrollo humano en Yucatan [Biodiversity and
Human Development in Yucatan]. Mérida: CICY, PPD- FMAM,
CONABIO, SEDUMA. 310 pp. (In Spanish)

Ruiz-Piia, H., Cruz-Reves R.A. (2002): The opossum Didelphis
virginiana as a synanthropic reservoir of Trypanosoma cruzi in
Dzidzilché, Yucatan, México. Mem. Inst. Oswaldo Cruz, 97(5): 613
-620. DOI:10.1590/S0074-02762002000500003

Ruiz-Pia, H.A. (2007): Estudio parasitolégico y poblacional de los
reservorios marsupiales (Didelphis sp.) de Trypanosoma (Schizot-
rypanum) cruzi en Dzidzilché, Yucatan [Parasitological and pop-
ulation study of Trypanosoma (Schizotrypanum) cruzi reservoir
marsupials in Dzidzilché, Yucatan]. Tesis Doctoral. Universidad
Nacional Autonoma de México (UNAM). 85 pp. Ciudad de México,
México. (In Spanish)

Ruiz-Piia, H.A, Reves-Novero, E. (2012). El huerto familiar yu-
cateco y las zoonosis [Yucatecan family farms and zoonoses]. In:
FLores-Guino, S. (Ed) Huertos Familiares de la Peninsula de Yu-
catan [Family Farms from the Yucatan Peninsula]. pp. 359 — 374.
Universidad Auténoma de Yucatan. (In Spanish)

Ruiz-Piia, H.A, PacHeco-CasTRo, J., Luco-PErez, J.A. (2013): El
“zorro” de Yucatan y su relacion con la poblacién humana [The

125



“fox” of Yucatan and its relationship with human population]. In:
PacHeco-CasTro J., Luco-PERez, J.A., Tzuc-CancHE, L., Ruiz-Pita,
H.A. (Eds) Estudios multidisciplinarios de las enfermedades zo-
ondticas y ETVs en Yucatan [Multidisciplinary Studies on Zoon-
oses and Vector-Borne diseases in Yucatan]. Universidad Auténo-
ma de Yucatan, 285 pp. (In Spanish)

Sikes, R.S., THE ANIMAL CARE AND USeE COMMITTEE OF AMERICAN So-
CIETY OF MammaLoaists (2016): 2016 Guidelines of the American

126

Society of Mammalogists for the use of wild mammals in resear-
ch and education. J. Mammal., 97(3): 663 — 688. DOI: 10.1093/
jmammal/gyw078

Tavior, M.A., Coop, R.L., WaLL, R.L. (2016). Veterinary Parasitolo-
gy. 4" edition. UK, Wiley-Blackwell. 138 pp.

Zasac, A M., Consoy, G.A. (2012): Veterinary clinical parasitology.
8" Edition. UK, Wiley-Blackwell. 354 pp.



